The reaction of ligands based on 3,6-diĲ2-pyridyl)pyridazine with symmetrical carbocyclic rings fused to the pyridazine ring; 7,10-diĲ2-pyridyl)-8,9-diazafluoranthene (L 1 ), 1,4-diĲ2-pyridyl)-6,7,8,9-tetrahydro-5H-
Introduction
Metallosupramolecular chemistry utilises the coordination bond between metal atoms and organic ligands to selfassemble discrete and polymeric architectures. Such processes are greatly affected by the choice of ligand coordinating geometry 1 and preferred metal atom stereochemistry, 2 as well as type of anion and solvent. 3 The potential combinations give varied species including polygons, capsules, polymeric sheets and networks. 4 Supramolecular [n x m]-grids 5 are popular targets due to the typical close proximity of the metal atoms, which often allow electronic or magnetic communication between appropriate centres. 6 The principal requirement for grid formation is that the ligands used must provide parallel coordination to adjacent metal atoms, with early attention focussed on the [2 × 2]-grids formed from the combination of 3,6-diĲ2-pyridyl)pyridazine and tetrahedral metal atoms such as silver and copperĲI), as shown in Scheme 1(a). 7 Substituted 3,3'-bipyridizines have also proven a popular platform for the self-assembly of larger [n x m]-grids, and, in combination with labile metal atoms, they often display structural isomerism, with the dynamic equilibrium between grids and helicates in solution demonstrated by Lehn with silver using pyridazine oligomers capped with 2-pyridyl groups.
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The formation of face-to-face dimers and grids has also been observed with ligands containing a bridging pyridazine and other pendant donor group. 9 [n x m]-Grids can also be formed using metal atoms with octahedral geometry combined with tridentate ligands (Scheme 1 (b) ).
3,6-diĲ2-pyridyl)pyridazines has been investigated by several groups, using a variety of metals including copper, 12 cadmium, 13 nickel, 14 ruthenium and iron, 15 with the observation that less symmetric substitution patterns lead to unsymmetrical coordination sites with differential binding and coordinated metal stereochemistry. In contrast, silver, which has a higher tolerance for unusual coordination geometries, 16 allows the formation of different architectures, 17 including side-by-side parallel coordination in the form of M 2 L 2 face-to-face dimers. 18 Recently, a family of symmetrical ligands based on a 7,10-diĲpyridin-2-yl)-8,9-diazafluoranthene core has been shown to give a range of similar architectures, 19 although, we note that the sole structurally characterised examples of [2 × 2]-grid formed between silver and these systems remain those of the parent 3,6-diĲ2-pyridyl)pyridazine. 7a Herein we describe the use of ligands ĲL 1 -L 4 ) that retain the symmetry of the coordination sites, with particular focus on the effect of the addition of steric bulk remote from the coordinating system (Scheme 2). The investigation will use silver as the labile metal component, as this metal is known to act as a tetrahedral component in the formation of [2 × 2]-grids.
Results and discussion
Synthesis and solution studies of 1-7
The reaction of L 1 and L 2 with silver salts (AgBF 4 for L 1 and AgPF 6 for L 2 ) gave crystals of 1 and 2 suitable for X-ray structural analysis after diffusion of di-isopropyl ether into the reaction mixtures. The reaction of L 3 with AgOTf afforded colourless crystals (3). The reaction of L 4 with various silver salts gave crystals suitable for X-ray crystallography after diffusion of pentane into the reaction mixture (ClO 4 (4), PF 6 (5) and BF 4 (6)). All of these complexes were characterised in solution by NMR spectroscopy, which indicated that the solution structure of all the complexes involved symmetrical coordination, with the observation of the resonances for only a single pyridine ring. Interestingly, on standing in CD 3 CN, the solution of 6 afforded crystals suitable for X-ray structural analysis of 7.
Structural analysis
The structure of 1 showed that it had crystallised in the triclinic space group P1, with two ligands, two metals and a dichloromethane solvate in the asymmetric unit. This structure is shown in Fig. 1 , and has, not unexpectedly, the same supramolecular architecture as observed for the silver hexafluoroantimonate complex of the related ligand 2,5-di-tert-butyl-7,10-diĲpyridin-2-yl)-8,9-diazafluoranthene. 19 Each of the distinct silver atoms are four coordinate, and approximately tetrahedral. While one of the ligands has the required parallel coordination of two metal atoms (Ag⋯Ag distance 3.8973(2) Å), the other bridges four metals, two through the central pyridazine ring and one through each pyridine ring. This bridging mode for a 3,6-Ĳ2-dipyridyl)-pyridazine based ligand is unusual, with two other examples of unsymmetrically substituted ligands bridging three silver atoms being the other highly substituted examples. 17, 18 The different bridging modes of each ligand are controlled by the angle between the pyridine rings and the central pyridazine, with angles for the symmetrically chelating ligand of 59.80Ĳ13)°and 57.37Ĳ13)°, and angles of 121.15Ĳ12)°and 122.15Ĳ12)°for the tetradentate ligand. This twisting leads to the chelating ligand having significant pyramidalisation 20 of the nitrogen atoms, an effect that has been observed previously for similar ligands. 8a,21 In this case the pyridine ring nitrogens are 38.1Ĳ2)°and 37.1Ĳ2)°away from an ideal trigonal planar coordination, while the pyridizine nitrogen atom coordination is slightly less distorted with angles of 23.6Ĳ2)°a nd 22.9Ĳ2)°. The aromatic backbone is also distorted, with the nitrogen atoms of the pyridazine ring 0.675(6) Å out of the plane of the acenaphthylene section. These effects act to minimise the steric clash of the hydrogen atoms of the acenapthylene and pyridine rings (H⋯H = 2.53(1) Å). The tetracoordinate ligand is planar, and the coordinating nitrogen atoms do not exhibit significant pyramidalisation. The ligand geometry also creates an offset between the ligands, with the fused rings now sitting above the nitrogens of the adjacent pyridizine. The aromatic rings of L 1 form face-to-face π-π stacks to adjacent M 4 L 4 units, with interactions occurring between the chelating ligands (centroid-centroid distance) arranging the subunits into 1-D tapes. The distortion of the chelating ligand also creates a pocket that contains the Scheme 2 Symmetrically substituted 3,6-diĲ2-pyridyl)pyridazine ligands used in this study. solvent molecules and counterions, although these have no strong interactions with any of the ligand clusters. Complex 2 forms with a discrete subunit structure shown in Fig. 2 , and has an asymmetric unit with one molecule of L 2 , two equivalents of silver hexafluorophosphate and one non-coordinated DCM solvate, which was found on a centre of inversion. Here L 2 bridges four silver atoms in a manner similar to one of the L 1 molecules in the structure of 1, with angles of 61.85Ĳ7)°and 65.85Ĳ8)°for the twisting of the pyridine rings versus the pyridazine ring, which is wide enough to prevent the ligand from chelating. The silver atoms are approximately tetrahedral, each coordinating to one pyridazine nitrogen, with the remaining sites taken up by acetonitrile solvate molecules. Interestingly one of these is hyperdentate 22 and bridges two of the silver atoms, with Ag-N bond distances slightly longer than for the monodentate acetonitrile molecules and a Ag-N-Ag angle of 102.45Ĳ9)°. The difference in the twisting of the ligand allows a closer approach of the silver atoms, with the Ag⋯Ag distance of 3.0182(2) Å for silver atoms across the discrete unit (compared with an Ag⋯Ag distance of 4.9531(4) Å for the equivalent interaction in 1). As was observed above, the conformation of L 2 is controlled by the steric interaction between the hydrogens of the backbone (C-H⋯plane 2.238(2) and 2.242(2) Å). The conformation of the fused cycloheptane and coordinated acetonitrile molecules creates a pocket that holds one of the PF 6 anions, as shown in Fig. 2 . The remaining dichloromethane solvate and counterion exist in the space between the subunits, with no significant interactions between them and the coordinated L 2 or acetonitrile molecules (F19⋯H32C 2.384(2) Å). Complex 3 crystallises in the orthorhombic space group Cmce with two half molecules of L 3 , one silver triflate and some disordered solvate (dichloromethane and acetonitrile) in the asymmetric unit. The M 4 L 4 structure is similar to that formed in complex 1, as shown in Fig. 3 , containing two ligands with different conformations, one that chelates two silver atoms and another that bridges four silver atoms. Again this difference is evident in the degree of tilting of the pyridine rings versus the central pyridazine ring (chelating 45.8Ĳ1)°and tetracoordinate 111.3Ĳ1)°), and the distorted nature of the chelating ring leads to a significant pyramidalisation of the pyridine nitrogen atoms Ĳ32.5Ĳ1)°). The ligand distortion arises from the steric clash of the pyridine rings with a methylene of the alkyl ring (C-H⋯plane 2.343(2) Å and 2.256(2) Å), although this is complicated by disorder of the backbone of the bischelating ligand. The twisting of the tetracoordinate ligand also leads to the silver atoms across the subunit being further apart than complexes 2 (Ag⋯Ag distance 4.8020(1) Å). The ligands are offset and the pyridine rings of the tetracoordinate ligand molecule able to form a π-π stack across the M 4 L 4 unit. The silver atom adopts an approximate tetrahedral geometry, and is coordinated by two pyridine rings and two pyridazine rings with distances ranging from 2.344(2) Å to 2.392(2) Å.
The complexes 4 and 5 both have the same discrete face-to-face M 2 L 2 dimer structure, with that of 5 shown in Fig. 4 . In each complex, an inversion centre relates the two halves of the macrocycles, with each independent ligand chelating two metal atoms. Clearly in this case the chelation of two metal atoms per ligand is not precluded by the steric clash between the pyridine rings and the methylene groups. The pyridine rings are twisted much less than any of the examples described above Ĳ37.5Ĳ1)°and 27.1Ĳ1)°for 4, and 29.3Ĳ1)°and 31.8Ĳ1)°for 5), with this twisting attributed to the steric clash between the -CH 2 -of the alkyl ring and the pyridine ring. The increased co-planarity of the rings leads to less pyramidalisation of the coordinated nitrogen atoms Ĳ26.2Ĳ2)°and 19.4Ĳ2)°for 4, and 26.7Ĳ2)°and 27.9Ĳ2)°for 5), while the silver atoms are tetracoordinate and have a distorted square planar geometry, 23 and are held 3.6056(2) Å and 3.5466(2) Å apart for 4 and 5, respectively. The subunits are able to form π-π stacks with centroid-to-centroid distances of 3.638(2) Å for 4, and 3.740(3) for 5, although these only involve the pyridine rings. This is due to a combination of the conformation of the fused cyclopentene ring and the perchlorate or hexafluorophosphate counterions which occupy space above adjacent units. Complex 5 also contains a disordered dichloromethane solvate, although this forms only weak interactions with surrounding anions or the M 2 L 2 dimer. Complex 6 was found to have a [2 × 2]-grid like structure, as shown in Fig. 5 . The complex crystallises in the monoclinic space group P2/n and consists of two independent half-grids and their associated anions, two dichloromethane solvates and one water molecule. Interestingly there is no acetonitrile present in the complex, perhaps indicating that the formation of 6 and 7 under different solvent conditions is due to preferential crystallisation of an equilibrium mixture. Unlike the structure of 5 observed above, the molecules of L 4 each chelate two metal atoms. The nitrogen to silver bond distances range from 2.072(6) Å to 2.628(8) Å, although the longer of these is affected by positional disorder of the silver atoms of one grid (modelled as ≈ 1 : 1). Two of the silver atoms of each grid lie on a two-fold axis, with all silver atoms having approximate tetrahedral geometry. In a similar manner to the ligand conformations observed in 5, the pyridine rings of L 4 are twisted to a lesser degree than for the other ligands in this study Ĳ18.2Ĳ2)-28.6Ĳ2)°), and there is no significant pyramidalisation of the metal atoms.
The [2 × 2]-grids are both slightly tilted (Fig. 6) , as defined by the interplanar angles between the pyridizine of 78.6Ĳ1)°a nd 70.5Ĳ1)°for the ordered and disordered grid, respectively, ideal for a square grid is 90°. This tilting allows the aromatic rings of each grid to form offset face-to-face π-π across the stacks between adjacent pyridine rings having centroid-tocentroid distances ranging between 3.641Ĳ2)-3.900Ĳ2) Å. The tilting also causes the silver atoms to describe the corners of an almost rhombohedral parallelogram, with distances along the sides ranging from 3.420Ĳ1)-3.712Ĳ1) Å, whilst the distances across fall into either short Ĳ3.801Ĳ1)-3.923Ĳ1) Å) and long Ĳ5.616Ĳ1)-6.033Ĳ1) Å). The central pyridazine rings of each of the independent grids differ in their relative orientation, as affected by the fused cyclopentene ring. In the case of the 'closed' ordered grid ( Fig. 5(a) ), the cyclopentane rings are oriented towards one another, allowing the pyridazine rings to form a face-to-face π-π stack (centroid-to-centroid distance 3.785(4) Å), whilst in the 'open' less ordered grid these rings are tilted away from one-another ( Fig. 7(b) ) causing the pyridazine rings to lack the coplanarity required to form a face-to-face π-π stack Ĳ46.9Ĳ2)°). This open orientation allows this grid to form a clip around a tetrafluoroborate counterion, with the closest approach being between a -CH 2 -and the anion having an H⋯F distance of 2.500(4) Å, indicating a weak interaction. The other anions and solvate show no significant interactions with the grids. The complex isolated from d 3 -acetonitrile (7) consists of two ligands that chelate a single silver atom, as shown in Fig. 7 , a structure that has previously been observed for 3,6-diĲ2-pyridyl)pyridazine and silver triflate.
12b The ligands also have uncoordinated pyridine rings on opposite sides of the silver atom, which are oriented to remove the steric clash of the hydrogen atoms, a common conformation for biheterocycles.
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The coordinated pyridine rings are twisted relative to the central pyridazine ring more than the uncoordinated rings Ĳ18.08Ĳ4)°and 23.09Ĳ4)°vs. 27.72Ĳ4)°and 38.10Ĳ4)°) to relieve the steric clash observed above. This twisting leads to pyramidalisation of the coordinated pyridine nitrogen atom, as observed above, with this nitrogen hyperdentate and bridging two silver atoms as shown in Fig. 7 . This unusual geometry has been observed on a few occasions in terpyridine complexes of silver, where the twisting of the pyridine rings allows one ring to bridge two symmetrically equivalent metal atoms through a nitrogen atom. 25 The coordination bond lengths for the hyperdentate nitrogen, N10-Ag1 distances 2.500(1) Å and 2.663(1) Å, are approximately in the middle of the observed range. The silver atom has a slightly distorted square planar geometry, with the silver involved in weak metal-metal interaction (Ag⋯Ag distance 2.9925(2) Å), which pulls the silver slightly out of the N4 plane. Due to their close proximity, an adjacent pair of ligands form π-π interactions between the three heterocyclic rings, with centroid-centroid distances of 3.576(1), 3.784(1) and 3.780(1) Å. The variability in the structures of 4-8, all formed with L 4 , illustrates the considerable effect of the reaction solvent and counterion. In 4-7 the ligands all have the parallel coordination required for the formation of [2 × 2]-grids, although only in the case of tetrafluoroborate was this realised. The difference between 7 and 8 is the lack of dichloromethane in the formation of the latter. Such observations are common in the supramolecular chemistry of silver, where the lability of silver-ligand bond allows subtle anion 26 and solvent 27 effects to play a greater role. The similarity of the 1 H-NMR data for these complexes indicates that the anion and solvent have a limited effect on their structures in solution. In each of these complexes the anions played only ancillary structural roles, remaining uncoordinated to the metal centre, and have only weak interactions with the ligands. We believe the differences in their solid-state structures are due to packing effects and these weak interactions.
Conclusions
The investigation of the reaction of a series of 3,6-diĲ2-pyridyl)pyridazine derivatives, with a variety of carbocyclic ring systems fused across the 4,5-pyridazine bond has lead to a range of complexes. The fused groups clearly affect the degree to which the pyridine rings were able to remain coplanar with the pyridazine, controlling whether the ligands are able to simultaneously chelate two or bridge four silver atoms as monodentate donors. Here, L 2 only formed as a tetrabridging unit, indicating that it has the largest fused group. In contrast L 1 and L 3 were able to sustain both bischelating and tetrabridging in the same complex. In the case of L 4 , the least hindered fused group allows the ligand molecule to chelate in all the complexes isolated. The effect of the anion in these structures was considerable, with three different structural motifs isolated. This includes, to the best of our knowledge, the first example of a 3,6-diĲ2-pyridyl)-pyridazine substituted in the pyridazine ring forming a [2 × 2]-grid. We are currently investigating the extent to which this substitution can be extended to determine the utility of these complexes as supramolecular building blocks. All the ligands for this study were synthesized using the appropriate literature method. 28 Caution! Perchlorate salts are potentially explosive and special care should be taken while handling those compounds.
AgOTf with 7,10-diĲpyridin-2-yl)-8,9-difluoranthene (1)
Two solutions, one of L 1 (12.0 mg, 0.0335 mmol) in hot dichloromethane (2 ml) and another of silver tetrafluoroborate (12.1 mg, 0.0623 mmol) in hot dichloromethane and acetonitrile (9 : 1) were combined. Crystals were obtained after vapour diffusion of diisopropyl ether into the reaction mixture. Yield: 52.1%. Mp: >360°C. 1 H-NMR (400 MHz, DMSO) δ 8.95 (d, J = 4.3 Hz, 2H, H 6 ), 8. 30-8.18 (m, 8H, H 11,3,13,4 ), 7.80-7.73 (m, 4H, H 12,5 H, 2.55; 10.13. Found: C, 52.55; H, 2.66; N, 10.15 .
AgPF 6 with 1,4-diĲpyridin-2-yl)-6,7,8,9-tetrahydro-5H-cycloheptaĳd]pyridazine (2) A reaction mixture of silver hexafluorophosphate (25.8 mg, 0.102 mmol) in hot dichloromethane and acetonitrile (9 : 1, 1 ml) and L 2 (11.2 mg, 0.037 mmol) in hot dichloromethane (1 ml) gave crystals after vapour diffusion of pentane into the reaction mixture. 29.56; H, 2.69; N, 8.62. Found C, 29.44; H, 2.50; N, 8.39 .
AgOTf with 1,4-diĲpyridin-2-yl)- 5,6,7,8-tetrahydrophthalazine (3) A solution of silver triflate (9.8 mg, 0.038 mmol) in warm dichloromethane and acetonitrile (9 : 1, 1 ml) was added to a warm solution of L 3 (10.0 mg, 0.035 mmol) in dichloromethane (1 ml), giving a yellow solution. Vapour diffusion of pentane initially gave colourless crystals. 
Reaction of L 4 (13.6 mg, 0.050 mmol) in hot dichloromethane (1 ml) and silver perchlorate (11.7 X-ray crystallography X-ray crystallographic data collection and processing were carried out for complexes 1 and 3-5 on a Bruker ApexII diffractometer using Mo Kα (λ = 0.71073 Å) radiation and for complexes 2, 6 and 7 on an Oxford-Agilent SuperNova instrument with focused microsource Cu Kα (λ = 1.51418 Å) radiation or Mo Kα (λ = 0.71073 Å), as indicated in Table 1 , and an ATLAS CCD area detector. All data was collected at the temperature indicated. All structures were solved using direct methods with SHELXS 29 and refined on F 2 using all data by full matrix least-squares procedures with within OLEX-2.3. 31 Non-hydrogen atoms were refined with anisotropic displacement parameters. Hydrogen atoms were placed in calculated positions or manually assigned from residual electron density where appropriate unless otherwise stated. The functions minimized were ΣwĲF 
